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(71) We, Ionakc Smelters Ltd. 
(N J»X^ a company iirarporated under the 
tews <b die Province of British Columbia) 
Canada, of 850 West Hastings Street, Van- 

5 couver, British. Grltimhia, Cflnadflj do hereby 
declare the invention, for which we p*ay that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the f ofiowing etate- 
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Has invention relates to a process and an 
appartt \\ is for hi^ ^ enthalpy h ffa t treatment 
and is specifically, but not exclusively, con- 
cerned with the winning otf mrtaHs from ores 
in one or a pfaraHty of stages. 

The scope of this invention is necessarily 
very wide as the technique described herein 
is applicable to the production of many metals 
and also to many other chemical reactions. 

""Itrr y 'j^'v tTt this s pf^ ifi v^rfi oii and htWj by 
"high enthalpy thennal environment** is meant 
an environment wherein an average tempera- 
ture in the general range 4Q00°C— 85O0°C, is 
maintained, for example in a ingjh intensity 
plasma arc, in contrast to a glow discharge 
or a silent &sc discharge (generally referred to 
as a non-transferred arc), or a 'cold atom 
reactor. A "high intensity arc" is in term 
defined as an electric arc, with a tall flame, 
between at least two electrodes at least one of 
which includes carboo-crcnta mmg 
which ate has a positive electrical 
characteristic, that is an increase in current 
is accompanied by an increase in voltage across 
the arc In one preferred embodiment, this 
high inttpsity arc is obtained by ah ate struck 
between two graphite electrodes which are 
o v erpo wt aed so that the electrodes are at least 
partially vaporized and consumed. A "tail 
flame" is characteristic of a higji intensity arc 
and such an arc in a diatornkgas wffl genttete 
temperatures of the order 4O0O-— 8500^C with 
relatively low gas velocities c om p a re d with gas 
velocities in arcs of the "non-transferred* type. 
The high intensity arc condition can also be 



obtained in other arrangements, for example 
an arrangement in which an anode is porous 
and a gas is supplied to the arc region through 
thepores of rJhe anode. ~ 

there are many known methods for the SO 
©redaction of metals from their ores, and a 
large Bomber of them is pyrcsnctjdlurgkal m 
nature. Some metals are relativery easily won 
from thek ores, for cnaiii]>V copper and iron, 
while others are won with extreme difficulty, 55 
for example t&antum and zirconium. The ease 
of extraction is naturally reflected in die avanV 
abdlky and price of {he metal As technology 
advances, the demand fcr metals such as 
niobium, tantalum, zirconium, and, rhanhxa (0 
grows, and many efforts are <heeefore being 
made to extract those metals morewecone*aie- 
ally, .. .v- ■, 

Axxording to the present invention in one 
broad aspect, there is provided a, process for 65 
heat treating a nongaseous material including 
providing a controlled atmosphere, MftAKrfw^ 
a high enthalpy thermal e nvir o nmen t <aS f - 
hereinbefore defined) Sn said atmosnhcee by 
means of at least one highnntmnty arc (as 70 
hereinbefore defined), the or each said arc 
having an elongated udl flame forming pert of 
said environment feeding said maieriai in 
powder fain into said contrelkd afmosphere 
for passage through, and with a sufficient 75 
residence tfene in, said environment to- affect 
the material by the heat therein, aril allowing 
die material to pass from said environment " c 
mrougjn a cooling atmosphere m a; collection 
zone. 80 

Said decorates are preferably energised by 
a-c, though dx. may also be' em^oytd . 

Advantageously, & plasma earner gas may v: 
be injected into said kffl en&aipy environ- 
ment* S5 

Said material may be suspended in said 
carrier gas for introduction into said high 
enthalpy environment. - '* 

Preferably, the suspension of said material 
in said carrier gas is injected into a low- 90 
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intensity plasma'© produce an it least paa> 

suspended material before being encrodaced 

InnTaJd hi* enthalpy environment _ 

Sad low-imensity plasma swam a p«to| 
abiy introduced betvrcen a pafr « 
deniodea, rix fM> b«^*« diodes 
hrine «B»Ked with a second earner gas. 
^etoTtteaBnent of said rnatensl may 

prod** one « more * *«^JtaS 
reactions: me conversion of nretal cjmks m 
metal oridea to metri Mite; of 
octal haKdes to mends; « the Asaooyoo of 
cosmda minerals to suntfe 
tSa maestA may be an ore, a concexrrate, 
or a 



cessed for the extraction of the primary metal 
content, the *angue inaterisl 2^™* 
consists of oxides and silicates of snca imento 
« iron, ahmhman and mBgnesium and wlua 
may constitjte a high pmcemageflfd* total 
weight is recovered as a nictaltapcai slag or 
other form of waste residue. In me process 
described herein, increased amounts dt mineral 
cotnponnds, meaa values and gangue minerals 
can be altered and reformed into pax staMe 
•| d cuuimcrcial vafer, for exampK 
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Aacwding to another aspect of 4be present 
invention, there is 

carrying out the process set forth above, said 
aJpaVams tata%a cb«itefe™g 
amntn^gmios^e, means ftgesn Maslang 
at lease one In^rfltensky axe {as hereinbefore 
deffi (o Sish a higb-eorhalpy thermal 
enviroinneiit in said atmosphere, means for 
feeding a non-gaseous material mto aid en- 
^romSsnL and means permmmg the said 
inertt to pass from said ex**™* 
through a cnohng atmosphere to a G^ecn^ 
zonliie or each said are oor^proa^ed 
£ween spaced electrodes, there be^^ 
power means for energising said electrodes to 
Jrodoce theweadiwidarc, « lostoK of 
the said electrodes hxfcdmg carboi>coniwa- 

iD ^^r«a8 may WuA means fcr cool- 
jog «e msttritl ate its passage diroqgh said 
high enthalpy environment and poor to its 
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F^stHbiliang said ar<s), there maybe 
provided means for sia^rimposmg » ffi 
age, high frequency, low amperage current on 

^iCTtw^&sem^tha^in c«pam^ 
process of this invention the high i artialpy 
thermal envaomnent may he esofchabed ma 
halogen or balide containing atmosphere and 
nLirmurnKXincaming ore in particulate form i s 
SSoduced through the «c to provide 
ft chemical reaction making ite plaianum more 
t nr imhi> to separation by know n cemm ercttx 
techniques. In another specific «oce^ me 
M£> enthalpy environment * J"* 
reducing atmosphere and ore contamangntpxi 
and cooak is hmtroduced through the arc 
into the high emhalpy zone proctong a 
chemical reaction that mate die mends more 
amenable to recovery by axmneraal tecn- 

D ^dry, therefore, the present mvenrion 
enables faproved utilization of ores. Since 
when ores or concentrates are iKamafly pro- 
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^^MgoT amorphous SiO, or metallic "Al 
and Mg in addition to the primary metal 

The mvexmon wifl now be describ ed, by 
way of example only, wim reference to the 
acaanpanying drawings Jn which: 
Figure 1 is a graph of typical arc disriwsge 

rcHtncSj . _ 

Figure 2 is a diagrammatic sketch of one 
e nlMluwj i t of the ap paratu s used for the 
process at the present invention , . 

Figure 3 is a diagram of a system incor- 
porating the apparatus shown m Figure 2, 

iWe 4 is a schematic flow diagram for 
the process of one preferred embodiment of 
the present fovenrion, and 

Ffo«5 is a schematic*** dnigram of the 
-m^Wm of the invention shown in Figure 
4 wim certam ctf the electrkri 

As prevdoualy indicated, the present inven- 
tion Is concerned with m#i enthalpy mennai 
envfeomnems established by one or more high 
intensity arcs. The various forms of arc dis- 
charge are substantially defined m Fi^se 1 
which is a diagrammatic graph showing rypical 
discharge regimes an relation to aM^.aenaty 
and pressure/field strength and i winch is based 
on implication "C3wnical Kinetics of Gas 
Reactions" by V. N. Kondrafev, published by 
Addison andWestey 1964. Such high intensity 
arcs are produced at very gift anient densities 
in contrast to a aSent disc harge, for example, 
which is pnx&wed at low cutrent aenatses. 

Referring now to Figures 3-5, there is 
^own an arc fornace according to me present 
invention, together with some of the anefflary 
equipment associated with it. 

The furnace, shown generally at I, com- 
prises a reaction chamber 2, preferably con- 
structed of a corrosion resistant material such 
as stainless steel, into which electrode holders 
3 and 4 project through gas sealing rings 5 and 
ceramic bantering discs 6 located in a hd 12. 
Electrode holders 3 and 4 are preferably fluid 
cooled via inlets 7 and outlets 8, andaepend- 
ing on the power supply contenplated can be 
fabricated from any good decmcal conductor 
such as tungsten, ccpper-teBurium, copper , 
piiwptntiim or various combinations thereof. 
Electrode holders 3 and 4 are adapted to be 
adjusted both vertically and horizontally in 
order to mataain optimum eleccode pacing 
during operation. Graphite eiecqodes -9 ^are 
hdum holders 3 and 4 by known means, such 
as clamping or screwing, and during opemnon 
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a mam hi^intenaty arc 15 is _ 
between the tips of the electrodes 9 to create a 
Mgh-^xsdia^y.2aoae. The arc 15 has a taH flame 
16 which is characteristic . of high-inrenssy 
plasma arcs, achieved by q v e u po we ring (Le. 
supplying excessive power to) tbe electrodes 9 
so that the tips off sod dectrcdea at least pesv 
tiaHy vaporize in a self-deaning c yerati on and 
also provide carbon . which may act as a 
reductam for the feed materials or may merely 
escape as an- oxide of carbon. T$us in the arc 
15 the electrodes 9 are consumed j and the arc 
1 5 has a postive electrical tesistance characrrrr 
fcsk, as hereinbefore discussed. Graphite 
eJecrrodes axt the most, suitable for this 
application, but in certain circumstances other 
caibon^xrakining electrode materiafe which 
would not contrail mate or in te rfci e with the 
desca&ed reactions could be used* 

Power is supplied to the electrode holders 
ow power leads 10 and lldrom a power source 
53 0Pfcures4and5).Eimerax.or d^ power 
soirees are opttempiated by the present inven- 
tion, depending on the type of material being 
treated, and on the spec ify dccmidb cctrfigura* 
tbn and power supply available. In the 
errthrtftimm shown m Figure 2 an ax. supply 
was fbuntfsrritafcie, and was conpvenientity about 
55 veto and 1150 amps at 400 Ht Wvh this 
powe r supply k was found mat difficukies 
encountered In mamtftining a ecabie arc at a 
suitable deorode spacing for the intindiftifon 
of feed could be at least partially overcome 
by superimposing a high ■voltage, low amper* 
age, heigh frequency current on the trum* power 
supply. TyprcaHy, a 6 kW 5mHz current may 
be employed. Alternative^, or additionally, at 
least a portion of a earner gas may be pro- 
ionized bdSore passing between me main 
electrodes 9, thereby ensuring a continuous 
conducting path for the main power supply, 
The said carrier gas fo coavcraenr ry prc~iojazcd 
in a pre^osnzing unit 14 also mounted in lid 
12. In Figure 2 this unit 14 is shown above 
electrodes 9 for convenience, bat it wifi be 
appreciated that mis furnace may be operated 
in a horizontal plane as well as in a vertical 
plane 

The pit-ionizing unit 14 
earthed conficol head 17 mounted 
ceramic disc 6 and equipped with external 
water cooling coils 18. An annular water 
cooled electrode 19, preferably of tungsten, 
forms the lower end of control head 17. An 
elec t rode 20, also preferably of tungsten, is 
mounted in a homer 21 vcttacafiy above the 
annrios of said electrode 19, and is equipped 
witb a height adjusting knob 22 which is 
adapted to rotate bolder 21 in me threaded 
portion 23 to adjust the position of electrode 
20. Power is supplied to electrode 20 via a 
lead 24 from a power supply (not shown). An 
arc is struck in operation between electrodes 
19 and 20 and a gas, preferably but not essen- 
tially an inert gas, is passed through the arc 



comprises an 



zone 25 from inlet 26 generating a low inten- 
sity plasma 30. Argon or aitrcjjen.are particu- 
larly suitable gases in the pre~mnuanjr.unit 14. 
FfrrM cooling is provided to electrode 19 era 
inlets 27 and cuslets 28. 'When the arc zone 
25 is s tabilised, a earner gas is introduced to 
the pre^oniang plasma 30 via inlets 29. T&e 
prwemzed gas stream 30 is focused above the 
main electrodes and the partially ionized gases 
are carried into the main isgji mtensky arc 
15 generated between the tips of me electrodes 
9. When the pre4onizmg plasma scr eam 30, 
the mam arc 15 and the tail flame . 16 are 
stabilized, theare feed is starred and the ore 
is introduced into me furnace or chamber via 
inlets 29 mixed with a high intensity plasma 
carrier gas, whkb may be inert but is more 
usually a teactant gas such as natural gas, air 
or hydrogen. Ore, or other rxwdered reactants, 
is stored in a feed taper 31 winch is provided 
with a feeder 57 (Figure 5) winch may be & 
rotary valve device 32 (Figures 3 and 4), to 
draw feed material from the hopper at a 
steady, controlled and predetermined rate, 

After passing throng the pie- ionized low 
intensity plasma 30, the main ate 15 and the 
tail flame 16, me reactants sxe cooled in me 
reaction chamber 2. Chamber '2 indudes a 
parallel side portion 35 and a fiteto-conical 
tapering section 36 with an outlet 37, and may 
include external and internal controlled cool* 
ing means such as water sprays or gas coolant 
jets (not shown) to control me tempesautfe tt 
various levels in me reaction chamb er . It k 
necessary mat the reaction chamber shaft be 
of surBoent volume to contain me plasma ttl 
flame 16 and to permit sufficient residence 
time to complete the icacdo n s, and to effect 
a sufficient degree of cooling. A high efficiency 
wet scrubber 38 (Figure 3) may be connected 
directly to the outlet 37 of the reaction 
chamber. This scrubber has the mtee-tfold 
purpose of removing heat from me effluent, 
both gaseous and solid, collecting solid pro- 
ducts and taking into solution soiubie products 
of the chemical reactions. Optionally an addi- 
tional collection circuit induding e magnetic 
separator (c^agrarmiaucaiUy indicated at 40) 
and a baghousc 42 may be employed. ' 

In the embcdmient shown in Figures 2 and 
3 a single pair of electrodes is empaoyed, but 
it will be arpnyiated by those skilled in the 
art that a plurality of electrodes may be 
employed. Basically the operation ctf such 
embccHments is tbe same as that of Figures 
1 and 2 and may be operated on a;C or d.c. 
power supply.- 

In operation, feed material such as an ore 
fe prepared by reducing me particle size to 
about 100% throng] 30 mesh, by any of the 
standard ore ckessmg techniques and followed 
by complete drying. 

The prepared feed is stored in the feed 
hopper 31 having a uniform controfled dis- 
charge rate, metered through a system of 
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rotary valves 32 or similar devices winch serve 
as a gas seal <o prevent blow-back ctf farnace 
gas, and then directed to a mixer device 34 
where it is mixed with a carrier gas which 
enters via inlet 33. Hie carrier gas may be 
relatively inert, for example, nitrogen or argon 
cp it may be one ctf the reactaxrts for example, 
chlorine, carbon monoxide, air or oxygen, 
depending on the desired reactions. Is the 
embodiments of <he OTxaatna shown m 
Figures 2 and 3 (he feed and earner gas are 
injected via inlets 29 into the pfaso* stream 
30 produced by the pre-ioman g nmt 14 which 
conveniently is an ax. plasma torch typksHy 
generating a flame shout 1/4* in diameter 
and rior^wimalOKWpcwsupply. 

The feed materials are thus suspended in a 
partially ionized gas stream winch is (hen 
directed into the high enthalpy therms! en- 
vironment of main arc 15 and tan name lo, 
tmxiiicedbyovCT-jww^ 
9 widen are connected to a 400 cycle ax. 
power saxtx (not shown). It has been found 
that the pre4onized qis stream is desff abjc 
to maintain an electrical path between the 
graphite electrodes, bat that if the electrode 
spacing is increased, for example m order to 
increase the feed* the circuit may be broken 
and rhe arc extinguished. In order to prevent 
this and to ensure contmuous operation of the 
arc a five megacycle current fro m an o scillator 
may be connected across me grajxnte elec- 
trodes 9. Tins high voltage, low amperage 
current provides an ever present ionized pam 
across the ekctrodes for the 400 cyde current 
Alternarivefy, a rcladvdy low voltage direct 
current may be applied across electrodes 9 m 
wMch case the superimposed high freooency 
current is mmecessary to prevent extinguish- 
ment of the arc Other methods for stebiKzmg 
the arc will readily suggest memselves to (hose 
skilled in the art, Power input to elect rodes ^ 
can vary over a wide range and electrode 
Hnotnftfr may also vary with the power input 
in order to maintain a high current density at 
the electrode face, sufficient to produce a posi- 
tive resistance characteristic on the main arc 
15. When multiple electrodes are ernptoyed, 
pie-kmizing of the carrier gas and p rehearing 
ctf the feed may not be necessary and therefore 
in some cases the pre-iornzmg unit may be 
omitted. Similarly it may not be necessary to 
apply a superimposed current on the main arc 
current in order to stabilize the arc 

As those flailed in the plasma arc art will 
readily apc*rdace, the *afl name generated 
in a high intensity plasma torch using con- 
sumable electrodes can be up to 18 inches long 
at 50 KW or even longer, depending on the 



power available and may be as hot as 8,000- 60 
10,000^0 at the base. The flame is of rela- 
tively low velocity and therefore it is possible 
to obtain extremely long retention tunes for 
materials passed through the flame. Further* 
more, the degree of iauzarionin the miiflame 65 
of a high intensity plasma may be as high as 
10—40% in contrast to a l ow intensity axe 
where the ionization rarely exceeds 5%. In 
this higgriy energetic state the free ions re- 
combine according to the normal laws of 70 
kinetics and thermodynamics to seek the 
lowest energy state. Some react io ns may take 
place in the very high temperature plasma 
zone but others may take place as the rea ct s nt s 
cool below the dissociation ternperature of the 75 
desired product on leaving the high enthalpy 
zone. In many instances the free metal may be 
produc ed, white an others, from complex start- 
ing materials, simple metal compounds are 
produced which can then be ex tracted by W 
standard py r orneta lhnpcal or bydromeml- 
lurgfcai procedures. la yet od« cases* a metal 
compound may be formed which is amnwH e 



to a further bxatment through the pkana — 
under a d iff erent processing e a v ir uument to 85 
produce me free metal in a two stagepweess. 

The plasma unl flame from the high inten- 
sity arc is directed into the reacdon and cooling 
chamber 2 where controlled cooHng can be 
achieved by means of external or internal water 90 
sprays {not dwwnX cooling gas jet* or other 
means. Many desired teacSons have been 
found to occur when the reactants have cooled 
to about 2000°F, but this lauy c iitui fc as 
entirely dependent on the particular icacumo 95 
and, as indicated previously, cooling is not 
essential in ail cases. The furnace products, 
both solid and gaseous, pass directiv from the 
reacdon chamber and, as more clearly out- 
lined in Figures 4 and 5 which are flow 100 
diagrams of the process, can be collected in a 
series of wet gr ubb er s and other conventional 
dust collecting eo^praent. The solutions and 
solids recovered from the gas handling system 
are processed for the recovery of mend values 105 
as refined metals or marketable compounds by 
conve nti onal metallurgical techniques* 

Example 1 
In the series of tests reported here a Leach 
Residue from Shenritt-Gordon Mines Ltd. was 110 
used as the raw material This residue is a 
relatively complex waste product resulting 
from pressure l«»H*f^g a til-Go concentrate 
and which stil contains ujii fri nr ri nickel and 
cobalt values in a form not previously con- 115 
sidered recoverable. 
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Table 1 

Representative Head Assay of Leach Residue 



Nickel 


m 


0.85% 


Cobalt 


(Co) 


0.19% 


Copper 


(Co) 


0.13% 


Iron (total) 


(Fe) 


47.48% 


Sulphur (total) 


(S) 


10.57% 


Carbon 


(Q 


2.35% 


Add-lnsohbles 


(SiO, etc) 


21.90% 



Prior co each test run, the furnace, (as shown the main i on i si ng unh was started usually 

in Figure 2)> dnst collection units and all employing seven of the 400 Hz generators and 15 

internal surfaces were thoroqgmy cleaned to using air, nitrogen or fcydnogai as (fee plasma 

5 prevent contamination and ensure standard and reactant gas. As soon as the operation 

condition. Hie feed material was weighed Snto stabilized, die feeder 57 was started and 

the feed hopper 31. The 400 Hz fee genera- operated at a pinlrtntitfnf d rats until the 

tore 53 (Figures 4 and 5) for the pre-ionmng hopper 31 was empty. Upon completion of the 20 

and main units were started and synchronized, run, afi dry maaraals were collected from the 

10 The pre-ionizing unit 14 was then started entire apparatus, sampled and weighed and the 

usuafly-emptoying three df the 400 Hz genera* scrubber solution vcfame was measured. The 

tors and using argon gas as the plasma solution was allowed to settle overnight and 

tnwtiiim When this operation became stable, the solid material was separated by filtering. 25 



Test 1 


Peed processed 


— 4540 grams 


Feed rate 


— 454 grams /minute 


Gas on pre-ionizing unit 


— Argon at 10 S.CFJK- (approx.) 


Gas on main arc 


— CH 4 (natural gas) at 150 S.GF.H. 


Power Input 


— 60 KW 



Table 2 

Furnace Products Reclaimed by Bag Filter 
Approximate Metallurgical Balance 



Material 




Fe 


N5 


Co 


S 


Insol 






% . 




% . 




% 




% 


6** 


% 


gr. 


Feed. 


4540 


42.9 


1948 


0.75 


34 


0.19 


9 


11.7 


531 


17.7 


804 


Total 

Prod. 
.-fcUnac- 

counted 


3859 
681 


47.5 


1834 
-114 


0.85 


33 
^-1 


0.19 


7 

—2 


10.7 


413 
-18 


21.9 


844 
+40 
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The solid furnace products Ttdaimed in the 
bag filter went carefully sampled and 50 grams 
were leached for 16 hours at room tempera- 
tare in an open botde with 100 ccs ammonium 
hydroxide ^% Nft) and 
carbonate. This treatment snowed that ™-°/° 
of the nickel based on the feed assay could be 
extracted from <he processed mate^ J* a 
simple leaching step (no pressare). It will oe 
reniembered that the Barm* 
nickd pressure leach residue and therefore 
tint above result is extremdy fevoraWe and 
indfcates that passage throng* the tugfl 
enthalpy zone las achieved an extensive 
solubmzation of the nickel values in me 

Operating Data 



pressure leach residue. As a double check on 
the efficacy of the treatment, similar leaching 
tests were performed on the pressure ieach 
residue and tmder die best laboratory condi- 
tions it was found that only 23.7% of the 
nickel could be sc$ob£Ezed. 

Further tests were conducted to detfinnme 
the effects of other reactants as listed below: 



20 



Test 2 

This test was performed to ascertain 
whether the nickel values could be chlarmated, 
and rather than employ chlorine gas in the 
plasma zone, socfium chloride was added to 
the feed materials. 





Feed processed 


— 8172 -grams (includes 2.5% Nad) 




Feed rate 


— 450gr./miiL 




Gas on prc-icannng unit 


— Argon at 10 S.CFJL 




Gas on main arc 


— Nitrogen at ISO S.CF A 






— 50 volts, 1 150 Amps., 400 Hz 



Furnace products discharged dtecdy to scmbbcr Resolts (see Table 3) 

Tabu 3 











'Products 










% WLGma. 


Slag 


Dust 


Scrubber 
* Solids 


Scrubber 
Solution 


Gaa 


Unbalance 


Fc 


41.3 


3375 


446 


610 


2238 


92 




11 


Ni 


.79 


65 


8 


13 


35 


5. 




— 4 


Co 


_.16 


13 


1.45 


2.18 


8.34 


.9 






Co 
S 


.05 
11.24 


4 

915 


1 

58 


1 

92 


NJu 
433 


.5 
170 


162 


— 2 


Na 

a 




109 

167 


10 


15 

NJL 




88 
162 




4 

-5 


Remainder 




3524 


384 


624 


2047 


356 


162 


49 






8172 


909 


1357 


4761 


874 


324 


~~53 



35 L4esSi£«Sora.ad««te ^em on the leadnrg proper of the 40 
bottom of the reaction dumber. Each of the products, 
products was sampled and, as befcee, sub- 
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Nickel Balance 



Fraction 


Nickel in Grams 


VVEaXm pjsceu in ooiunon 
on leaching with NH 4 OH 


Sample 


65 


— 


Slag 


8 


,27 


Dost 


:: 13 


2,14 


Solids 


35 


2.10 


Solution 


5 


: 5,01 : 


Gas 








. . 4 








9.52 



Placed in Sohitimi — 15% Tost 3 

Placed in sokition by ammonium leaching from A further" test was cotriucted 'emptying 10 

mmttted head sampfte H— 8— • 20% bydrogen as Ac ireactam gas in (be mam arc 

5 In mis case the particular NaQ treatment unit. No chlorine was added to the atmosphere 

" did not make the nickel values in tfhe residue in mis case, : 
aigmficantly more extractaWe by a simple 

leaching ♦ w^i ^*^ m^ L - - 

Operating Data 



Feed processed 


— 5618 gms. 


Type 


— Shcrritt Gordon Residue 


Peed rate 


— 490g^./min. 


Cs8s on jw^"»iftnnK^g unit 


— Argon at 10 S.CF M* 


Gas on main axe 


— Hydrogen at 150 S.CRH. 


Power on main arc 


— 55 Vohs, 1150 Amps. 



15 RESULTS (See Table 4 overleaf) system. Applicant considers this a most sur- 

notcd OODe a 8 am a consider- prising and significant feature. After passage 

able proportion of me feed (material was so through me arc aone me various prodnaswere 

a^py fleeted by passage mrougji the arc recovered from different pasts of me equip- 

mat it was transformed into a gas of partate tnent and subjected to an ammonia leach with 25 

20 so fine that it was not retained an the recovery the following results: 



1,248,595 
Nickel Balance 



Fraction 



Nidocl in GrsnK 



Grams placed in Solution 
by ammonia leach 



Head Sample 


47 


\0 %\ ffrm. «s 16.19% 


Slag 


2.78 


.49 


Dust A 


20.97 


3.69 


DustB 


9.65 


1.65 


Fume 


3.90 


.73 


Solution 


,12 


.12 


Solution Solids 


.16 


.02 


Unaccounted 


9.42 


9.42 




47.00 


16.12 -34.26% 



As the head sample shows omy 26.19% of 
the metal values can be recovered by an 
ammonia leach and up to 3426% may be 
recoverable foiiowing the arc treatment; the 
axe (treatment may produce increased solubil- 
ization of the mcfcd in the pressure leach 



umpm. on the assumption that the "un- « 
accounted" portion is in fact in the form of a 10 
gas which could be easily treated I a more 
elaborate recovery system, designed m eaten 
gases, were employed. 
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1,248,595 


Silica 


(SiOj 


33.13% 


Iron 


(Fe) 


24.05% 




(OO) 


5.42% 


MggMsloni Oxide 


(MgO) 


5.57% 


Ahnninia 


(MA) 


7-35% 


Sulphur _ 


e (S) 


Trace 


Sodium Oxide 


(Na t O) 


3.75% 


Gold 


(An) 


0.11 ozttm/ 


Platinum 


(Pt) 


0.7oz/ton 
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This sample was loaded xuto tir feed hopper 
together with a 10% adffdon tf ftQ 
designed to provide sufficient ™ondeions 

5 far the desired reaction. Ahennmveiy, dflanae 
carrier gas ocrfd be used 

Hie pre-iomzing plasma 30 was smrted oy 
striking an are between electrodes 19 and 20 
using about a 10 kW ax. power supply from 

10 3 motor generator sets 53. Argon was admitted 
under pressure via inlet 26 as Ac prt-taaang 
plasm gas. When the pre-ionizin? plasma arc 
was stabilized air was admitted via inlet 33 
and inlets 29 and the main arc 15 was struck 

15 between electrodes 9 using a 55 vok 1150 amp. 
400Hz ax. power supply from 7 motor gener- 
ator sets 54 via an isolating transformer 55. 
A high voltage, iow amperage, higi frequency 
alternating curren t of 5 mHz from an oscuatnr 

20 56 was superimposed on the mam power 
simply in order to stabilize the arc When the 
whole system had g t abaiyfrt, the feeder 57 on 
me hopper 31 was started and me precious 
metals containing material was fed through the 

25 rotary valve 32 to the muring device 34, where 



it was intimately mixed with the suspending 
carrier gas (ak)> from iniet 33, and carried 
to inlets 29 and thus injected fotD the arc zone 
30 where the soHd feed material and the 
carrier gas, in this case tk, were raised to a 
high energy kveL The gas and solid flo w was 
then passed between electrode tips 9, winch 
were adjusted to permit maximum passage of 
material without extinguishing the arc It was 
found that a feed rate of 330 gns./mm. could 

: be achieved with an electrode spacing of 1/4 
and a power supply of 60 kVA 400Hz when a 
6 kW 5 mm superiinposed current was 
applied. The soHd materials, suspen ded m the 
reaction gas were at fcast partially dissociated 
in their passage through the high intensity zone 
and tafl fl y mp plasma stream 16, and were 
permitted to cool in reaction chamber 2 to 
enable the chemical reactions to take place. 
Some cooling gas was injected into the reaction 
^v^nh^r to effect centred of the temperature 

' within the chamber. The products of the re- 
action were recovered from the conventional 
scrubber 38 and were assayed as follows; 



30 



45 



V 



1,243,595 



Analysis of Products 







Slag 


Dost 


Scrubber 


Scrubber 






Solids 


Solution 


Silks 




- -m 100/ 

3Q.18% 


30.42% 


38.93% 


86p»pjn. 


Twrn 


(re) 


29,51 


28.25 


25.11 


45 


Calcium 
Oxide 


(CbO) 




5.12 


4.72 


«i 


Magnesium 
Oxide 


(MgO) 


5.47 


5.52 


5.86 


25 






6.20 


4.40 


6.75 


132 


Sulpnux 


(S) 


0.61 


0.86 


1.31 


195 


Sodium 
Oxide 




2.50 


3.68 


1.25 


430 


Gold 










0.08 


Platmum 













or, expressing these figures as grams of product recovered in each section: (sec Table 5) 

Table 5 





Feed 


TroductB 




% Wt Guar 


Slag 


Dust 


Scrubber 
Pulp 


Scrubber 
Solution 


Gas & Un- 
balance 


% Missing 


Fe 


24.05 


921 


67 


177 


IB 


9 


55a 


60.3% 


SO, 


33.15 


1268 


69 


190 


175 


8 


826 


65.1% 


CaO 


5.42 


208 


11 


32 


21 


3 


141 


67.8% 


MgO 


5.57 


213 


12 


34 


27 


3 


137 


64.3% 


MA 


7.35 


286 


14 


28 


31 


15 


198 


69.2% 


Sodium 




160 


4.3 


17 


5 


64 


69 


44.1% 


Chlorine 




246 








13D 


116 


47-2% 


s 


Trace 




1.4 


5.6 


5.9 


39 


52 








351E 


19E 


71B 


43E 


78E 


140E 




Unknown 
Platinum 




177 
3830 

0.09183gms. 


29 
ST 


70 
638 


29 
~450 


3 

isT 

0.06gma. 


46 
2163 




Gold 




0.0144gm». 








0.016gxns. 
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It will be appreciated from the itsutaof 
this test that significant change* have cccurrea 
daring the passage through the high inwng^ 
zone. A small amount of slag torn ™J*«f 
5 voktifcehtorme has been J^^JJgJ^^r 

hkh intensity zone cr at least was not 
rnaxkrdly affected. Due to the design of tte 

10 equipment a owain amount of dust resuroca 
f mm material which bounded off the e^ctrodes 
and did not fall through die high intenaw 
rone. Hie scrubber pulp represents rnatraal, 
which is insohible but is sumaendjr cnarse w 

15 ^cau^jtosaubte,fep^^ 
residue from sflicate sands of the feeo. Jne 



resume num tow *««» ~ ™/-rr« V"_ 
scrubber solution represents niawudt^nas 
gone throng the arc and has sohfahzect it 
will be noted that a very large T***?**^™ 
20 die feed chlorine appears in the scrubber soto- 
tion, and hence it may be said Aat axsaan- 
able cMorinadon of *he sands has eccuwecL 
It wffl be further noted that the precious 
mends, gold and platinum, occur m me 
25 scrubber sofctiGxt Gold fyj*J** 

me extent of in excess of 100% of die «say 
of the initial feed material, a discrepancy whxfc 
may be ea^ained by maenraries attendant 
on me assay prcttdure. P&traum appears m 
30 an amount coaecspood a ng to 65% of the 

a sdeSw Sorimtioo of *P«««f 
metal* on passage tbrou^ ^^.A C0 °?~T 

actions and it wffl be observed that there » « 
considerable unbalance of de 
compered to she input- Jbw ^fce^ce » 
rider s gas or very finely dmded patdcta 

40 produced in the anc which are not tra pped oy 
^scrAbexandaretostinthcadwBtsys^ 
TO, may be sfeoificsnt vrfjen « it «PP*M»*™ 
d« «te letotivebT coarse feed materials have 
been reduced to a dtaewton too «rnaU to bc 

45 trapped in a idathdy efficient gu jendtaK 
systST Oeady severe changes have been 
effcrtjr^ 

The most significant result of the above test 
is me inchcrionthat the ^^^^ 
50 in «be tested alluvial sand wiucn nererorore 
were difficult to recover have been converted 
from insoluble to soluble form m the presence 
of large amounts of iron and other metals in 
the ore on passing through the described 

55 'Tendering me test results cfcdmied in 
aH of she above tests it w*H be Wfcmwd 
that a new ar^bi^y useful mc^ 
ing ore has been developed. By this psocess 

60 nickel in coranercially attractive **f 
been recovered from residues wmdi nave oeen 
previously treated by the most efficient means 
known to metallurgists at the present tunc, 
namely pressure leaching for me eacracM of 

65 nickel Smflarly, precious menus {gaM and 



platinum) have, by passing the host material 
SSuST a highly enthalpy envwwnent with 
NaOas a selected *actsmt, been pot : mo> a 
form (water s oluble) much more 70 
to recovery by convcrrac^ 70 
be me case if the same host natenal were/^ 
be processed by the nonad r^ur^cai 
techniques. At the same time, other meaUs 
m^mthehostrnan^asconm 
nmierals, and havmf comn«aal value ,m 75 
also made ttxovcrable. In adUnon to 
itccveries the present process can be appuea 
to many other metallurgical reactions, such as 
those enumerated hereinabove. ^ 

WHAT WE CLAIM IS:— 

1. A process for heat treating a nan-gaseous 
material inducting providing a cc^nrofied 
atmosphere, establishing a hsgh enthalpy 
thermal environment {as bermbeforc denned) « 
in said atrnospfaere, by means of at least one 
h^-mtensity arc (as hereinbefore denned), me 
<xeach said arc having an elongated tafl name 
faming pan of said envirorm^ feeding said 
material m powder form into aid a>rmoUed 90 
atmosphere for passage through, and with a 
sufficient residence time in, said environment 
to affect me niaterial by the heat Aemn, and 
allowing the material to pass from said en- _ 
vironment through a cooling atmosphere to a 95 
coMecrion woe. . ^ . . 

2. A process as chimed in dam 1 wherein 

SMSA(««*S3 m 

Kshed between more man two clecrrocto 

4 A process as claimed m any preceAng 
dain A wtaeacb electrode is made of a 105 
carbon-containing mfltmBl- ^ 

5. A process as claimed in any P*"™* 
claim wherein said etectrodes arc energised by 

^^^d^jnany^ 110 
claim wnerem a pfesma carrier gas is mjecteo 
imosMdhighentha^e^vn^^ 

7 A process as claimed m daim 6 wherem 
said inaSiSlis suspended 115 
for inoT)ducrion into said higji enmalpy en- in 

'TTw^ as claimed m 
me suspension of said matenai m swd earner 
gas is infected into a kw-mtens^ pdasnm xo 
goductTan at lea^t V^^^J^l ™ 
|a5 contaimng said suspended matenai before 



gbg mS ccd into said high «faiupy 

tS TT process as claimed in any ofdaims 6 
<o 8 wherein saki careier gas is *^^4jf°J** 125 
to take part in j achermcal reacnon y^rh the 
material inwiduced mto sand high enmalpy 
environment , . . Q 0 

10. A process as daimed m clai m 8 or y 
wherein said low-intensity plasma stream is «u 
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30 



35 



50 



produced between a pair of Spaced _ 
the gap between the electrodes being 
with a second carrier gas. 
1LA process as claimed in claim 10 
5 wherein sad second carrier gas is an torn 



10 



15 



20 



12. A process as claimed in any of claims 
9 to 11 wherein the first-menrjoned carrier gas 
is or indudcg a halogen, or a halide, or hydro- 
gen, or oxygen, or nflnogen, or natural gas or 
air. 

13. A process as claimed in any preceding 
claim wherein the heat treatment of said 
material produces one or more of the foflow- 
ing chemical reactions: tfae conversion of 
metal oxides to metal; of oxides to 
metal halites; of metal ha&fcs to metals; or 
the dissociation off complex minerals id sunpJe 



compounds. 
14. A i 



process as claimed in any preceding 
claim wherein said materia? may be an ore, a 
concentrate, or a residue. 

15. A process as claimed in daim 13 or 14 
wherein a desired metal or metal compound 
is separated from other compounds produced 
as a tcsuk of me passage of the flowabic 
material through said mgh enthalpy environ- 
ment 

16. A process as darned in any preceding 
cla im whercsa said material conWns ™kfrri 
and is subjected to an ammonia baching 
operation after it has passed through said col- 
lection zone. 

17. A process for heat treating a non- 
gaseous material sohs&antSafiy as hereinbefore 
Jft&dh b ed in the Examples. 

IS. A process for heat treating a non- 
gaseous material substantially as hereinbefore 
described with reference to and as shown in 
Figures 2—5 of the accompanying drawings. 

19. Apparatus for carrying out the process 
claimed in daim 1, said apparatus mducfing a 
chamber far contamme a controlled a tmos * 
phere, means for establishing at least one high- 
intensity arc (as hereinbefore defined) to 
establish a higb^tirhalpy thermal environment 
in said atmosphere, means for feeding a 
material in powder form into said environ- 
ment, and means petmhtmg the said material 
to pass from saad environment through a 
atmosphere to a coflcetfon zone, the 



or each said arc being produced between 
spaced electrodes, there bemg dearie power 
means for energising said electrodes to produce 
the or each^satd arc, at least one of the 
said etorote including cajfcou-corjminmg 55 
ntfltffriftli 

20. Apparatus as claimed in daim 19 
wherein the feeding means includes a first 
passage for introducing particulate material 
into said said chamber and a second passage 60 
for introducing into said chamber a carrier 

gas for conveying said particulate material 
along a flow path through said environmem. 

21. Apparatus as claimed in daim 20 
wherein (there is a pre-iomser ran at feast par- 65 
tially teasing material mttoduced through said 
passages prior to entry into said high entbatoy 
environment 

22. Apparatus as daimed m any one of 
claims 19 to 21 wherein means for cooling the 70 
material is provided far cooling the material 
after its passage -through said high enthalpy 
environment and prior to its amy into said 
Collection zone. 

23. Apparatus as daimed in any one of 75 
claims 19 to 22 wherein said power means 
includes an ax. power supply for energising 
said electrodes to produce the on each high 
intensity arc discharge. 

24. Apparatus as dadmed in claim 23 80 
wherein the power supply to the dectrodes is 
such that they are over-powered and at least 
partially vaporised 

25. Apparatus as daimed in daim 23 or 24 
wherein stabffising means a»e provided for 85 
stabaaing the said arc(s). 

26. Apparatus as <™r"H in 25 
wherein said stabilising m^rts indndes the 
superimposing of a high voltage, high fre- 
quency, tow amperage current on the power 90 
supply. 

27. Apparatus as claimed in any of daams 
1 9 to 26 substantially as hereinbefore described 
with reference to and as shown in Figures 2—5 

of the accompanying drawings. 95 

J. MILLER & CD, 
Agents for the Applicants, 
Chartered Patent Agents, 
262 High HoJborn, 
London, W.Cl. 
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